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Functional Regeneration of Recurrent Laryngeal Nerve Injury
During Thyroid Surgery Using an Asymmetrically Porous
Nerve Guide Conduit in an Animal Model
Jeong-Seok Choi,1,2 Se Heang Oh,3 Hye-Young An,1,2 Young-Mo Kim,1,2 Jin Ho Lee,4 and Jae-Yol Lim1,2
Background: Vocal cord paralysis (VCP) caused by recurrent laryngeal nerve (RLN) damage during thyroid-
ectomy commonly results in serious medico-legal problems. The purpose of this study was to evaluate the
usefulness of an asymmetrically porous polycaprolactone (PCL)/Pluronic F127 nerve guide conduit (NGC) for
functional regeneration in a RLN injury animal model.
Methods: A biodegradable, asymmetrically porous PCL/F127 NGC with selective permeability was fabricated
for use in this study. A 10-mm segment of left RLN was resected in 28 New Zealand white rabbits, and then an
asymmetrically porous NGC or a nonporous silicone tube was interposed between both stumps and securely
fixed. Vocal cord mobility was endoscopically evaluated at one, four, and eight weeks postoperatively. Nerve
growth through NGCs was assessed by toluidine blue staining, and thyroarytenoid (TA) muscle atrophy was
evaluated by hematoxylin and eosin staining. Immunohistochemical stainings for acetylcholinesterase (AchE),
anti-neurofilament (NF), and anti-S100 protein were also conducted, and transmission electron microscopy
(TEM) was used to evaluate functional nerve regeneration.
Results: At eight weeks postoperatively, endoscopic evaluations showed significantly better recovery from VCP
in the asymmetrically porous PCL/F127 NGC group (6 of 10 rabbits) than in the silicone tube group (1 of 10
rabbits). Continued nerve growth on the damaged nerve endings was observed with time in the asymmetrically
porous PCL/F127 NGC-interposed RLNs. TA muscle dimensions and AchE expressions in TA muscle were
significantly greater in the asymmetrically porous PCL/F127 NGC group than in the silicone tube group.
Furthermore, immunohistochemical staining revealed the expression of NF and S100 protein in the regenerated
nerves in the asymmetrically porous PCL/F127 NGC group at eight weeks postoperatively, and at this time,
TEM imaging showed myelinated axons in the regenerated RLNs.
Conclusion: The study shows that asymmetrically porous PCL/F127 NGC provides a favorable environment for
RLN regeneration and that it has therapeutic potential for the regeneration of RLN damage.
Introduction
The recurrent laryngeal nerve (RLN) can be damagedor resected during thyroid surgery, and the resultant
vocal cord paralysis (VCP) commonly results in severe voice
changes, dyspnea, dysphagia, and sometimes life-threatening
aspiration (1). Furthermore, in addition to a profound effect
on quality of life, RLN can impose enormous psychosocial
and economic burdens. For these reasons, RLN damage re-
sults in the most significant clinical and legal problems after
thyroid surgery (2). However, although awareness of the
pathophysiology of nerve damage has improved, no satis-
factory surgical treatment has been devised to facilitate
functional recovery in patients with VCP.
RLN is one of the most difficult peripheral nerves in which
to achieve functional regeneration, especially when it is sev-
ered. When a RLN is invaded by a tumor throughout its
course, its sacrifice is inevitable. The surgical options for a
resected RLN are the end-to-end anastomosis of the trans-
ected nerve stumps for a short resection gap or an autologous
nerve graft when the gap between stumps is large. However,
although the immediate anastomosis of nerve stumps may
induce nerve connection and sometimes prevent denervation
muscle atrophy, it does not necessarily result in the functional
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recovery of vocal cord mobility. The main reason for in-
transient VCP after surgical anastomosis is believed to be due
to the atrophy of the denervated muscle or the misdirection of
the regenerating nerve fibers. In addition, autologous nerve
graft transplantation has several disadvantages, such as the
need for another surgical step for harvesting the donor nerve,
donor morbidity, the limited lengths of available grafts, three-
dimensional structural mismatches between the defect nerve
and graft, and the failure of end-organ innervation (3–5).
The development of new strategies to overcome surgical
limitations and to facilitate regenerative processes in the
context of tissue engineering has become an attractive re-
search field (6,7). Recently, an artificial nerve guide conduit
(NGC) between resected nerve stumps was devised to guide
axonal sprouting from proximal to distal stumps, and is
widely accepted as an alternative treatment option (8,9). For
successful nerve regeneration using NGCs, the material must
meet several essential criteria, such as the structural stability
required for nerve growth, biodegradability to avoid surgery
for secondary removal, and easy application to the surgical
process (10,11). A variety of NGCs based on biological tissues
and polymers have been devised to meet these requirements,
but RLN regeneration using NGCs has received little atten-
tion to date.
In a previous study, we developed an asymmetrically po-
rous polycaprolactone (PCL)/Pluronic F127 tube (inner sur-
face, nano-sized pores; outer surface, micro-sized pores) with
selective permeability, that is, it prevents fibrous scar tissue
infiltration but allows the permeation of nutrients/oxygen,
which is critical for effective nerve regeneration through a
NGC (12). Furthermore, our studies in a rat sciatic nerve de-
fect model showed that PCL/F127 NGC provides a favorable
environment for peripheral nerve regeneration. Accordingly,
the main aim of this study was to evaluate the potential of
asymmetrically porous PCL/F127 NGC for the recovery of
vocal cord movement by promoting RLN regeneration and
preventing atrophy of intrinsic laryngeal muscles in a RLN
injury animal model.
Materials and Methods
Fabrication of an asymmetrically porous
nerve guide conduit
Asymmetrically porous PCL/F127 NGCs with selective
permeability were prepared by rolling an asymmetrically
porous sheet fabricated using an immersion precipitation
method, as previously described (12). Briefly, to prepare an
asymmetrically porous PCL/F127 sheet (nano- and micro-
pores on both surfaces), PCL pellets were dissolved in tetra-
glycol (12 wt%; Sigma Aldrich, St Louis, MO) at 90C, and
then Pluronic F127 powder (BASF, Ludwigshafen, Germany)
was added in the PCL solution (5 wt%, PCL base). The PCL/
F127 solution was filled in a mold (50mm · 50mm · 0.4mm)
and immersed in excess water for one hour at room temper-
ature. The precipitated PCL/F127 sheet was washed in excess
water to remove the residual tetraglycol. The prepared sheet
(thickness*0.4mm)was vacuum-dried. To prepare the NGC
using the asymmetrically porous PCL/F127 sheet, the sheet
was rolled into a tube using a 1.5-mmdiametermetal mandrel
(inside of the tube, smaller pore side) and the edge fold of the
sheet was fixed using a tissue adhesive (Histoacryl; B. Braun,
Melsungen, Germany). The prepared asymmetrically porous
NGCs had an inner diameter of *1.5mm and a length of
*12mm.
Animal studies
This study was approved by the Animal Ethics Committee
of Inha University Hospital, and the animals were cared for in
accordance with established institutional guidelines. Twenty-
eight female New Zealand white rabbits weighing 3.0–3.5 kg
were used in the experiments. Animals were maintained in a
temperature, humidity, and light-controlled environment in
an animal house with free access to water and a standard
rabbit diet. Rabbits were assigned randomly to two groups:
the silicone tube (Silastic; Dow Corning, Midland, MI) in-
terposed control group (n = 14) or the PCL/F127 NGC tube
interposed experimental group (n = 14). Both groups were
then divided into three subgroups based on time of sacrifice,
which was conducted at one (n = 2), four (n= 2), or eight
(n= 10) weeks postimplantation. The animals were subcuta-
neously premedicated with 0.05mg/kg glycopyrrolate and
5mg/kg xylazine, and then anesthetized with an intramus-
cular injection of 15mg/kg zolazepam, with all efforts made
to minimize suffering. A vertical skin incision was made,
followed by division of the platysma and strap musculature.
The left RLN was carefully exposed and dissected circum-
ferentially under an operating microscope (Fig. 1A). A 10-mm
segment of the RLN was transected using microscissors
(Fig. 1B). NGCs were interposed between the proximal and
distal stumps using two sutures (7-0 vicryl; Ethicon, Somer-
ville, NJ) at each junction. The animals were then subjected to
one of the following two procedures: (i) nerve resection and
silicone tube interposition (Fig. 1C), or (ii) nerve resection and
PCL/F127 NGC tube interposition (Fig. 1D). Following the
implantation, the muscle incision was closed using a 5-0
chromic catgut suture (Ethicon), and the skin was closed
using a 4-0 nylon suture (Ethicon).
Functional evaluation of recurrent laryngeal
nerve regeneration
Laryngeal endoscopy was performed to confirm normal
motion of the larynx before and after RLN resection. Vocal cord
movements were evaluated and recorded using an endoscopy
recording system at one, four, and eight weeks postimplanta-
tion. Briefly, an anesthetized rabbit was secured to an operating
platform in the supine position. First, the left side of the neckwas
explored to detect the interposed tube. After exposure of the
interposed tube, a rigid laryngeal endoscope (Storz, Tuttlingen,
Germany) was inserted orally and fixed in position to provide
the best viewof the larynx. Vocal cordmovementswere induced
by stimulating the proximal stump of the damaged RLNusing a
nerve stimulator (Maplewood; WR Medical Electronics Co.,
Saint Paul, MN) and recorded. Vocal cord movements were
evaluated by analyzing the recorded images. Two frames of the
vocal cord pictures obtained during nerve stimulation were se-
lected and captured using a computer: one frame in the fully
adducted position and the other in the fully abducted position.
Traces of vocal cord movements were obtained by calculating
the triangular areas in the abducted and adducted positions
using Image J (NIH, Bethesda, MD). Vocal cord function was
evaluated by measuring the areas of vocal cord movements of
the injured left side and the normal right side as a ratio (relative
gap ratio).
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Histological examination
After evaluating vocal cord movement, the animals were
euthanized, the RLNs between the proximal and distal
stumps were harvested to evaluate nerve growth, and the la-
rynges were excised to assess TA muscle status. RLNs and
larynxes were immediately placed in 4% paraformaldehyde at
room temperature, processed, embedded in paraffin, and sec-
tioned at 4lm (RLNs were sectioned longitudinally, and lar-
ynxes were sectioned axially). For evaluation, the RLNs were
stainedwith toluidine blue and hematoxylin and eosin, and the
larynges were stained with hematoxylin and eosin. The thyr-
oarytenoid (TA) muscle was evaluated at the level of the vocal
process. Muscle sections were observed under a light micro-
scope (Nikon, Tokyo, Japan), and under blinded conditions, a
single observer measured the total cross-sectional areas of the
muscles. The cross-sectional areas of the TA muscles were
measured using Image J software by tracing the outlines of the
microscopic images. Histologic changes in TA muscles were
evaluated by calculating the ratios of the areas of denervatedTA
muscles and the contralateral normal sides (relative area ratios).
Immunohistochemical analysis
The sections were washed in phosphate buffered saline
(PBS; pH*7.4) and pre-incubated for one hour in a blocking
solution containing 5% normal goat serum in PBS. After a
brief PBS wash, primary antibodies for neurofilament (NF)
and S100 protein (Merck Millipore, Darmstadt, Germany)
diluted in blocking solution were applied. Sections were then
incubated overnight at 4C, in secondary antisera (Zymed
Laboratories Inc., San Francisco, CA) for 90 minutes at room
temperature, and then treated with avidin–biotin–peroxidase
solution. The peroxidase label was visualized using diami-
nobenzidine as the chromogen (Vector Laboratories, Burlin-
game, CA). Sections were then washed, allowed to air dry,
coverslipped, and processed for observation under a confocal
microscope (IX81, Olympus, Center Valley, PA). To evaluate
the nerve endplates of the regenerated nerves, acetylcholin-
esterase (AchE) immunohistochemical staining was per-
formed. Briefly, sections were hydrated in water, placed in
sodium sulfate solution (20%) for five minutes, rinsed in
water, and incubated in acetylcholinesterase solution for up to
three hours at 37C until bright blue endplates could be
clearly distinguished (13). The endplates of the regenerated
nerves were evaluated by calculating the ratio of the numbers
of injured left and normal right nerve endings.
Transmission electron microscopy evaluation
The regenerating RLNs within NGCs were immersed for
two hours in 2.5% glutaraldehyde in 0.1M phosphate buffer
(pH 7.4), washed in 0.1M cacodylate buffer (pH 7.4), and
postfixed for 90min in 1% osmium tetroxide containing 0.8%
potassium ferrocyanide and 5nM calcium chloride in 0.1M
FIG. 1. Interposition of the nerve guide
conduits (NGCs) in a recurrent laryngeal
nerve (RLN) injury animal model. (A) Dis-
sected left RLN, (B) segmental resection of
the RLN (10mm), (C) the silicone tube im-
plant, and (D) the PCL/F127 NGC implant.
*, RLN; arrow, proximal and distal stumps of
a resected RLN; arrowheads, silicone and
PCL/F127 NGCs.
FIG. 2. Endoscopic examinations of vocal cord movement. Captured images of (A) adducted position after nerve stimu-
lation and (B) abducted position. (C) Mean gap ratio during vocal cord movements were significantly different between the
PCL/F127 NGC group (55.53 – 17.69%) and the silicone tube group (10.20 – 10.20%; n = 20; *p< 0.05).
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cacodylate buffer (pH 7.4). Segments were then washed in
0.1M cacodylate buffer (pH 7.4), stained in 1% uranyl acetate,
dehydrated using an acetone series, infiltrated with Poly/Bed
812 resin, and polymerized at 60C for two days. Transverse
sections (70 nm thick) were obtained using an ultramicrotome
(MT-6000-XL-RMC, Boeckeler Instruments, Inc., Tucson, AZ),
placed on copper grids, treatedwith 5%uranyl acetate and 1%
lead citrate, and examined under a transmission electron
microscope operated at 80 kV (Zeiss, Oberkochen, Germany).
Statistical analysis
All analyses were performed using GraphPad Prism 5.01
(GraphPad Software, Inc., SanDiego, CA). TheMann–Whitney
test was used to compare the vocal cord movements, the cross-
sectional areas of TA muscles, and the numbers of nerve end-
ings in the PCL/F127NGC and silicone tube groups. Statistical
significance was accepted for p-values <0.05. All results are
expressed as means– standard deviations (SD).
Results
Functional recurrent laryngeal nerve regeneration
Endoscopic observations of larynges before RLN transec-
tion showed normal vocal cord movement during RLN
stimulation in all rabbits. Restoration of vocal cordmovement
was not found at one and four weeks after the operation in
both the silicone tube and the PCL/F127 NGC groups.
However, the restoration of vocal cordmovement was seen in
6 of 10 (60%) rabbits in the PCL/F127 NGC group and 1 of 10
(10%) in the silicone tube group at eight weeks post-
implantation, although the amplitudes of the vocal cord
movements varied. Themean relative gap ratio between vocal
cord adduction and abduction of the injured vocal cord to the
normal side was measured (Fig. 2A and B). The gap ratios
improved to 55.53– 17.69% in the PCL/F127 NGC group as
compared with 10.2 – 10.20% in the silicone tube group at
eight weeks, with this restoration of vocal cord movement
significantly better in the PCL/F127 NGC group ( p< 0.05;
Fig. 2C).
Histologic findings
Nerve growth and vasculogenesis. Figure 3 shows the
longitudinal sections along with RLNs within NGCs at one,
four, and eight weeks postimplantation. At one week, no
nerve regeneration was detected in either group. At four
weeks, a regenerated segment was found in the PCL/F127
NGC group but not in the silicone tube group. At eight weeks,
the gross appearances of regenerated nerves in the PCL/F127
NGC groupwere comparable to normal, whereas poor neural
growth was observed in the silicone tube group. The porous
nature of PCL/F127 NGCs also allowed vascular ingrowth
into the tube walls through the columnar pores in their outer
surfaces (Fig. 4).
Thyroarytenoid muscle atrophy. Representative cross-
sectional findings of TA muscle are shown in Figure 5. In the
silicone tube group, marked atrophy of TA muscle was ob-
served on the operated sides at eight weeks postimplantation
(Fig. 5A), whereas in the PCL/F127 NGC group, TA muscles
showed mild deformity (Fig. 5B). Area ratios of TA muscle
decreased to 86.5% in the PCL/F127 NGC group and to 77.3%
in the silicone tube group, which represented a significant
difference ( p= 0.034; Fig. 5C).
Immunohistochemistry
The numbers of nerve endings were compared eight weeks
after implantation. Many more nerve endings were observed
in the normal sides in comparison to the injured sides. The
numbers of nerve endings in the PCL/F127 NGC group were
found to be much greater than those observed in the silicone
FIG. 3. Histologic evaluation of regenerated RLNs at one, four, and eight weeks postimplantation in the PCL/F127 NGC
and silicone tube groups. No nerve regeneration was detected in the silicone tube group over the eight-week study period. By
contrast, continued nerve regeneration of the resected segment was observed at four weeks in the PCL/F127 NGC group, and
the regenerated nerve looked structurally normal in the PCL/F127 NGC group at eight weeks (toluidine blue stained;· 12.5;
*, regenerated RLNs). Color images available online at www.liebertpub.com/thy
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tube group ( p = 0.001; Fig. 6). Figure 7 shows the expression of
NF and S100 proteins at eight weeks after implantation. Both
proteins were abundantly expressed in the PCL/F127 NGC
group, but were not detected in the silicone tube group.
Transmission electron microscopy images
of regenerated nerves
Transmission electron microscopy (TEM) of the mid-
portion of the regenerative nerves in the PCL/F127 NGC
group at eight weeks after implantation showed the formation
of regenerated myelinated fibers. The structure of the mye-
linated fibers of the regenerated nerves in the PCL/F127 NGC
group was compact and well organized with surrounding
Schwann cells. The axons contained neurofilaments, which
are essential for axonal transport (Fig. 8).
Discussion
In this study, we sought to determine whether asymmetri-
cally porous PCL/F127 NGCs could be used to regenerate re-
sected RLNs. We found that the asymmetrically porous PCL/
F127 NGC tubes facilitated nerve regeneration as compared
with nonporous silicone tubes. At eight weeks postimplanta-
tion, the PCL/F127 NGC group showed more growing neural
tissue and more rapid bridging of the 10-mm nerve gap than
whatwas observed in the silicone tube group.Our results show
that NGC sheathing provides an environment that stimulates
nerve growth,which is consistentwith previous reports (14,15).
In particular, the asymmetrically porous PCL/F127 NGCs
enabled vascular ingrowth into tube walls through its unique
asymmetric column shape porous structure, which might de-
liver nutrients/oxygen into the tube more effectively, thus al-
lowing faster nerve regeneration. Azzam et al. reported that
tube permeability plays an important role in nerve regenera-
tion (16), particularly during the early stages.
After RLN injury, the distal portions of axons separate from
the soma and degenerate in a series of steps called Wallerian
degeneration (17). Thereafter, the axons extend from the
proximal to distal stump via the proliferation of Schwann
cells, and finally reinnervate their distal targets, possibly re-
storing function. Thus, PCL/F127 NGCs may play the role of
artificial Schwann cells and enable stable nerve growth in a
controlled microenvironment. Furthermore, the distal posi-
tion of a NGC is maintained as free space, thus allowing
growing axons unimpeded access to their targets in the distal
stump free from interference by fibrous tissue scars. In the
present study, we estimated the nerve growth rate through
PCL/F127 NGC tubes to be 0.18mm/day, which is similar to
previously reported results (18).
When a resected RLN is anastomosed by autologous nerve
grafting, functional recovery of vocal cord mobility is hardly
ever achieved (19–21). This is believed to be due to incomplete
RLN regeneration at the site of injury and the progressive
atrophy of laryngeal muscles. In particular, the TA muscle is
believed to be most affected after resection of the RLN, un-
dergoing severe degeneration (22). Accordingly, we com-
pared TA muscle atrophy in the two study groups and found
that RLN reinnervation in the PCL/F127 NGC group led to
improved vocal cord movement and less denervation-
induced muscle atrophy. In addition, we also counted the
numbers of nerve endings (AchE) because of the likely rela-
tion between this and the functional restoration of the neu-
romuscular junction. The results obtained suggest that PCL/
F127 NGCs facilitated not only the regeneration of transected
RLNs, but also the restoration of laryngeal function by pre-
venting denervation-induced atrophy of laryngeal muscles.
The misdirection of regenerating nerve fibers is another
known cause of persistent vocal cord immobilization after
nerve grafting (23). Previous studies on the subject have
shown that after repair of the RLN, regenerating nerve fibers
frequently connect with the wrong laryngeal muscles. For
example, adductor fibers have been found to receive input
from abductor motor neurons and vice versa (24,25). Because
it is difficult to investigate paradoxical movements caused by
RLN fiber misdirection to laryngeal muscles, topographic
electrophysiological studies are needed to determine whether
reinnervation using NGCs reduces this phenomenon.
Furthermore, the present study confirms the expressions of
NF and S100 proteins in regenerated nerve fibers. NF is spe-
cifically expressed in neurons and supports normal axonal
radial growth, whereas S100 is preferentially expressed in
myelin-forming Schwann cells (26). In the present study, TEM
was used to obtain a detailed view of regenerating axons in
tubes, and the PCL/F127 NGC group was found to exhibit a
more organized neural structure and more myelination than
the control group. The expression of these proteins could be
considered evidence of the regeneration of a normal neural
structure.
In recent years, vocal fold medialization procedures have
been widely performed during voice rehabilitation for pa-
tients with RLN paralysis, including medialization thyro-
plasty, arytenoid adduction, and injection laryngoplasty (27).
Themain goal of these treatments is to facilitate glottic closure
and improve voice quality bymedializing the paralyzed vocal
cord (28). A number of studies have attempted to confirm the
improvements in voice and aspiration after vocal fold medi-
calization, and the results suggest that they can be a good
treatment option for post-thyroidectomy VCP. However, no
satisfactory surgical techniques to recover permanent RLN
injury have been developed to date.
In this study, we investigated the potential use of asym-
metrically porous PCL/F127 NGC for promoting the
FIG. 4. Histologic evaluation of vasculo-
genesis through the PCL/F127 NGC group
at eight weeks postimplantation. Histologic
evaluation revealed that the walls of PCL/
F127 NGCs were infiltrated by blood vessels.
(A) H&E stained, · 40; bar, 500 lm. (B) H&E
stained, · 200; bar, 200 lm. *, blood vessels;
arrow, regenerated RLNs. Color images
available online at www.liebertpub.com/thy
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FIG. 6. Numbers of nerve endings as de-
termined by AchE immunostaining at eight
weeks postimplantation. (A) Normal TA
muscle; (B) TA muscle in the silicone tube
group; (C) TA muscle in the PCL/F127 NGC
group; and (D) the calculated mean number
ratios of nerve endings in the denervated TA
muscles to those in the normal sides. The
mean number ratios were 7.83 – 1.83% (PCL/
F127 NGC group) and 55.75– 6.13% (silicone
tube group), which were significantly dif-
ferent. Arrow, nerve ending; n= 20; bar,
100lm; *p < 0.05).
FIG. 7. The expression of NF and S100
protein at eight weeks. Blue, DAPI; green,
NF or S100 protein. Both NF and S100 pro-
tein were abundantly expressed in the PCL/
F127 NGC group, but were not detected in
the silicone tube group.
FIG. 5. Histologic evaluation of thyroarytenoid (TA) muscle atrophy at the level of the vocal process. (A) The cross-sectional
areas of TA muscles in the silicone tube group. (B) The cross-sectional areas of TA muscles in the PCL/F127 NGC group. The
cross-sectional areas of TA muscles were measured using Image J by tracing their outlines on microscopic images. *, atrophied TA
muscle due to denervation of RLN in the silicone tube group; arrow, compensated TA muscle due to reinnervation of the RLN in
the PCL/F127 NGC group. (C) The mean area ratio of the denervated TA muscles to the control side was significantly greater in
the PCL/F127 NGC group (86.51–3.59%) than in the silicone tube group (77.34–1.03%; n=20; *p<0.05).
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regeneration of RLNs by different morphologic and func-
tional evaluations over the first eight weeks postimplantation
in a denervated rabbit model. To the best of our knowledge,
this is the first study to describe the therapeutic potential of
asymmetrically porous PCL/F127 NGC tubes for RLN re-
generation. However, this study has some limitations that
bear consideration. First, the length of the severed RLN in our
study was 10-mm, but the maximum length at which NGC
can be clinically applied needs to be determined. In recent
studies, the maximum length of the peripheral nerve defect
that can be regenerated throughNGCwas found to be around
30mm (29). Furthermore, NGC combined with nerve growth
factors, Schwann cells, or stem cells deserve further investi-
gation for long-gap nerve defects. Second, this study was
conducted over eight weeks in a small number of rabbits, and
thus larger-scale, longer-term studies are needed to confirm
our findings. Lastly, we used immunohistochemistry to doc-
ument the expression of NF and S100 protein within nerve
fibers, and despite the value of this approach for detecting
specific proteins in tissues, studies supported by more quan-
titative techniques such as protein and gene analysis should
be conducted to confirm and expand our results.
Conclusion
In this in vivo RLN injury animal model, asymmetrically
porous PCL/F127NGCswere found to be better at promoting
nerve regeneration and alleviating TA muscle atrophy than
nonporous silicone tubes. We believe that these differences
were caused by the improved access due to the sufficient
mechanical strength of the tube, the effective prevention of
fibrous scar tissue invasion, and the suitable permeation of
nutrients and oxygen, thus avoiding delays in axonal
sprouting and the misdirection of regenerating nerve fibers.
We conclude that the asymmetrically porous PCL/F127 NGC
tube appears to be a good alternative option for the repair and
regeneration of RNL damage during surgery.
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